Abstract This study aims to explore stakeholder views about offering population-based genetic carrier screening for fragile X syndrome. A qualitative study using interviews and focus groups with stakeholders was undertaken to allow for an indepth exploration of views and perceptions about practicalities of, and strategies for, offering carrier screening for fragile X syndrome to the general population in healthcare settings. A total of 188 stakeholders took part including healthcare providers (n = 81), relatives of people with fragile X syndrome (n = 29), and members of the general community (n = 78). The importance of raising community awareness about screening and providing appropriate support for carriers was emphasized. There was a preference for preconception carrier screening and for providing people with the opportunity to make an informed decision about screening. Primary care was highlighted as a setting which would ensure screening is accessible; however, challenges of offering screening in primary care were identified including time to discuss screening, knowledge about the test and possible outcomes, and the health professionals' approach to offering screening. With the increasing availability of genetic carrier tests, it is essential that research now focuses on evaluating approaches for the delivery of carrier screening programs. Primary healthcare is perceived as an appropriate setting through which to access the target population, and raising awareness is essential to making genetic screening more accessible to the general community.
Introduction
In recent years, the scope of genetic testing has broadened substantially with advances in testing technologies having the potential to lead to improvements in diagnosis and management of individuals and families impacted by genetic conditions. There is now greater ability to screen for genetic carrier status, enabling individuals and couples to use this information for their reproductive decision-making and planning. Population-based genetic carrier screening has been offered through screening programs for individual single gene disorders such as cystic fibrosis, with screening typically offered in prenatal and preconception settings (Metcalfe 2012) . Due to advances in technology, expanded carrier screening is now available involving screening for carrier status of a large number of inherited conditions simultaneously (Edwards et al. 2015) . The challenge facing researchers and clinicians is in determining how best to deliver genetic carrier screening services to the general population in order to maximize benefits and minimize harms.
Fragile X syndrome (FXS) is an X-linked condition and the leading cause of inherited intellectual disability. A carrier result conveys both reproductive risk and implications for the health of the individual screened. As such, FXS carrier screening, either stand-alone or as part of expanded screening, provides a useful model through which to consider carrier screening approaches because of the complexity and duality of risk information provided (Henneman et al. 2016) . As outlined by Hill et al. (2010) , arguments for carrier screening for FXS include a high prevalence (which may be up to 1 in 2500 in males and females (Hagerman 2008) ) and high carrier frequency (recently reported to be 1 in 179 estimated for North American populations (Hantash et al. 2011) ), the prevalence of premutation alleles estimated as 1:209 in females and 1:430 in males (Tassone et al. 2012) , and an accurate testing method amenable to screening populations (Tassone et al. 2008) which identifies an expanded CGG repeat in the FMR1 gene (the cause of FXS in over 99 % of cases). In addition, the condition is well understood and defined; there are a range of significant phenotypic effects associated with the full mutation (FM ≥200 hypermethylated CGG repeats) including intellectual disability and cognitive, behavioral, and medical problems, which have a substantial impact on the affected individual and their family (Hagerman and Hagerman 2002) . Female carriers have up to a 50 % risk of having a child with FXS. There are also health implications for carriers of the premutation : females are at risk of fertility problems and early menopause (Wittenberger et al. 2007 ), a condition referred to as fragile X-associated primary ovarian insufficiency (McConkie-Rosell et al. 2007) , and males, and to a lesser extent females, may develop fragile Xassociated tremor-ataxia syndrome (FXTAS), a late-onset neurodegenerative condition (Hagerman et al. 2001) . Further research will assist in fully understanding the significance of intermediate alleles (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) identified in the general population; however, any screening program would need to have strategies in place to manage these results (Archibald et al. 2013) .
Testing for FMR1 carrier status occurs predominantly when there is a family history of FMR1-related conditions. However, delays in diagnosis, variability in the extent to which families communicate genetic information, and the reliance on the birth and diagnosis of an individual with FXS in the family mean that many individuals who carry FMR1 alleles expanded beyond the normal range of 6 to 44 repeats are not aware of their carrier status. A population-based carrier screening approach would enable women who receive a testpositive result to incorporate that information into reproductive decision-making and planning.
Despite research indicating that there is support for population carrier screening for FXS (Hill et al. 2010) , the American College of Medical Genetics only recommends screening as part of clinical research protocols . Recommendations from the American College of Obstetricians and Gynecologists (2010) suggest that carrier screening be offered to women without a family history of FXS if it is requested. The need for appropriate education and genetic counseling has been emphasized as has the importance of research exploring psychosocial impacts of such screening (Finucane et al. 2012; Sherman et al. 2005) . Research indicates that population screening for FXS is generally perceived favorably by families and healthcare providers (Acharya and Ross 2009; Archibald et al. 2013; Ryynanen et al. 1999; Skinner et al. 2003) as well as individuals offered screening in research contexts (Anido et al. 2005 (Anido et al. , 2007 Archibald et al. 2009; Fanos et al. 2006; Metcalfe et al. 2008; Sherman et al. 2005) , and there appears to be a preference for screening offered before pregnancy (Acharya and Ross 2009; Archibald et al. 2013; Skinner et al. 2003) . As carrier screening approaches have varied, there is no clear consensus on how best to deliver population-based carrier screening for FXS.
We have explored the views of a range of stakeholders (families of individuals with FXS, healthcare providers, and the general community) regarding population-based carrier screening for FXS. We previously reported results relating to stakeholders' perceptions of the acceptability of populationbased carrier screening for FXS (Archibald et al. 2013) . Here, we present the views of these stakeholders regarding practicalities of, and strategies for, offering population-based carrier screening for FXS.
Materials and methods
A qualitative approach using a grounded theory framework (Charmaz 2006 ) was chosen to allow for an in-depth exploration of views and perspectives of stakeholders regarding population-based carrier screening for FXS in Australia, as described in detail in Archibald et al. (2013) . Briefly, stakeholders invited to take part in this study included health professionals, relatives of people with FXS, and members of the general community (this included women who had been offered FXS carrier screening through a research study (Archibald et al. 2009; Metcalfe et al. 2008) ). Approval to recruit members of stakeholder groups was granted by the following Human Research Ethics Committees (HREC): The University of Melbourne HREC, Family Planning Victoria (HREC), and the Royal Childrens Hospital (RCH) (Melbourne, Victoria) HREC. We purposively sampled to ensure participants were recruited who represented a wide range of backgrounds, experiences, and perspectives. To take part, all participants needed to be fluent in English and 18 years of age or older (with the exception of the high school students who were 16 and 17 years of age). Pregnant women were able to participate if they were 10 weeks gestation or less. Relatives of people with FXS needed to have a first-, second-, or third-degree relative with FXS, and the diagnosis of FXS had to have occurred more than 1 year prior to recruitment into the study.
Participants were recruited through letters and email bulletins through hospitals and clinics, emails to school and community member contacts, and local newspaper advertisements and by being given study information by other participants (snowball sampling). Data were collected through semistructured interviews and focus groups using questions developed by drawing on published qualitative research in this area (Anido et al. 2005 (Anido et al. , 2007 and our prior research outcomes (Metcalfe et al. 2008; Metcalfe and Archibald 2012) . Topics included general questions about awareness of genetic conditions, genetic screening, and FXS; perceptions of factors that might influence decision-making about carrier screening, perceived benefits, and concerns about carrier screening; views on whether population-based carrier screening should be available to all women; and when and where FXS carrier screening could be offered. Interviews occurred face to face in the participant's home, at Murdoch Childrens Research Institute, by telephone, or in the participant's workplace; focus groups were conducted at Murdoch Childrens Research Institute or in a location convenient to all focus group participants. Interviews were audio-recorded and transcribed verbatim, and participants were assigned a pseudonym. NVivo 8 software (QSR International Pty, Ltd., Melbourne, Australia) was used to manage data and facilitate coding. Transcripts were analyzed using thematic analysis, an inductive approach enabling themes to emerge from the data (Charmaz 2006) . Transcripts were cocoded until consensus in coding was reached.
Results
A total of 188 people took part in an interview (n = 125) or in one of 11 focus groups (n = 63). These included 81 healthcare providers, 29 relatives of people with FXS, and 78 members of the general population (see Table 1 and Archibald et al. 2013 for further detail). Six themes emerged from participants' discussions relating to aspects of development and delivery of a screening program, including assessing feasibility, raising awareness and increasing understanding, considering timing, ensuring accessibility, facilitating decision-making, and managing results.
Assessing feasibility
Participants emphasized that for a screening program to be feasible, some specific factors would need to be considered and addressed prior to implementation. These are presented in Table 2 with representative quotes and included ensuring adequate funding and allocation of resources, development of protocols and guidelines, training of healthcare providers who would be offering the test and managing test-positive results, assessing test accuracy as well as the timeframe for testing, consulting with key stakeholders such as healthcare providers and support groups, assessing economic aspects such as conducting economic evaluations, and weighing genetic carrier screening against other important health interventions. Less commonly, participants discussed ensuring confidentiality of results. Although there was substantial similarity in perspectives across stakeholder groups, notably, the vast majority of comments about economic considerations, the feasibility of the genetic test, and resource implications of a screening program were made by medical healthcare providers.
Raising awareness and increasing understanding
With the exception of participants who had relatives with FXS and genetic and medical healthcare providers, there was a distinct lack of knowledge and awareness of FXS among participants:
Look I've heard of it but I never treated anyone with it or dealt with anyone with it specifically, no. I mean I probably have heard more about it but I can't drum it up in my memory. Penny, health professional (physiotherapist) Members of the general community and some allied health professionals were also generally unaware of the possibility of genetic screening and of the implications of learning about one's genetic information. Despite the lack of knowledge and awareness, participants showed an interest and enthusiasm in discussing genetic carrier screening and emphasized that any screening program would need to be accompanied by attempts to raise community awareness:
It's not very well known in the public arena and I think that before screening… there would have to be a really big educational push to get people to have, you know, a decent understanding. Elizabeth, general population (pregnant) Incorporating discussion, but not an offer, of screening into the high school curriculum was the most frequently proposed strategy for raising awareness. Participants felt that this would enable carrier screening to be raised in a general way, discussed, and considered from multiple perspectives:
Being informed in high school would be good as part of health and human development subjects… if there is a range of different conditions that are covered it might be helpful… that's when you've got a captive audience so that would be a good way to promote awareness of it… Lisa, general population (pregnant) Participants also raised the possibility of utilizing the media as a useful mode of raising awareness but stressed that caution would need to be taken regarding the way information about genetic screening is presented to avoid confusion or coercion.
Considering timing
Participants discussed various stages of life at which screening could be offered: adolescence; adulthood, but not planning a family in the near future; adulthood, planning a family in the near future; and pregnancy. Various considerations with respect to the timing of screening were raised (see Table 3 ) and included relevance of screening to an individual's stage of life, Accepted screening (n = 13) Declined screening (n = 18)
Pregnant women 11
High school community 18 Teachers (n = 7) Students (n = 11) General community 18
Total 188 a Some relatives had more than one family member with FXS; for example, a woman may have had a child with FXS and her sister might also have a child with FXS, in which case the participant was classified as both a mother and an aunt. Therefore, for this stakeholder group, the number of relationships to the person with FXS is greater than the total number of participants b This group had been offered the FXS carrier test through a population-based carrier screening pilot study (Metcalfe et al. 2008) capacity for decision-making, impact of receiving a carrier result, utility of knowledge of carrier status at each stage of life, and accessing the target population. Inherent in the debate about when to offer FXS carrier screening was a tension between the accessibility of screening and the preferred stage of life to learn one's carrier status, with adolescence unanimously considered the least favored option. Preconception carrier screening was the preferred approach as participants emphasized there would be time for decision-making, individuals/ couples could incorporate the information into future plans, and there would be a range of reproductive options available. However, participants highlighted the challenges of accessibility at this stage of life (see Table 3 ). Although some felt it would be fairly straightforward to offer carrier screening to pregnant women, the potential to increase anxiety at a stressful time, the reduced time for decision-making, and the limited reproductive options were perceived as problematic and led to concern about offering carrier screening at this stage. Nevertheless, it was acknowledged that all women, regardless of reproductive stage of life, should be provided with the option of screening.
Facilitating decision-making
A common perspective, particularly among the participants in the general population group, was that individuals offered screening be provided with the opportunity to make an informed decision:
…it would be really important to fully educate them so that they know exactly what they're dealing with… [and] all the possible implications… Holly, general population (offered screening) However, healthcare providers who currently offer screening for genetic conditions (such as screening for Down syndrome) were concerned about the test being perceived as Broutine^and commented that women are not currently making informed decisions about screening for other conditions, such as Down syndrome. Consequently, they questioned the feasibility of an Binformed^decision in the context of population-based genetic screening:
…[informed decision-making is] a great theory, and in practice it doesn't happen, and Down syndrome is a classic example of that… I get women all the time who say, 'my GP (general practitioner) told me to have this test'… they often have no concept of what the test actually is… haven't thought through any of those issues… people will end up making uninformed choices… Matthew, healthcare provider (obstetrician/ gynecologist)
Although it was recognized that informed choices and decisions may be more challenging to achieve in population-based screening, it was emphasized that the target population should be able to access information to assist them in their decision-making:
The important thing is that people have what they want in order to make that decision. And so the information is accessible and available to them. Annabelle, healthcare provider (genetic counselor)
Participants discussed the importance of having information delivered in various formats (i.e., in a brochure, website, and through discussions with a health professional) which would allow people to engage to varying degrees of complexity with the subject matter as needed. Furthermore, participants from the general population believed people should have access to a health professional who could facilitate the decision-making process:
…it'd be good to speak to someone that could tell you, 'look this is a bit about it, these are the potential issues. Are you prepared to have the test? Because if you do carry this particular gene, you need to think about these other issues. Are you ready to perhaps know about that? Do you want time to think about it, or perhaps go away and discuss it with your partner, or to think about how you'll cope with the results if they come back adverse to what you were hoping? Natasha, general population (offered screening) 
Ensuring accessibility
Accessibility appeared to underlie much of the discussion about how a population-based carrier screening program for FXS could be offered with a common perception that screening should be easy to access and provided in an equitable way. Thus, two strategies were raised by participants. The first involved offering FXS carrier screening at the same time as another relevant health intervention currently available such as contraception, vaccinations, and Pap smear tests. It was suggested that women might be receptive to learning about FXS carrier screening if it were offered alongside these health measures:
…[they're] thinking about 'my health'… And so I think you piggy-back it at a time when they're already a captive audience about good health, I think that's perfect. Whitney, healthcare provider (psychologist)
The second strategy involved introducing the FXS carrier screening test into prepregnancy counseling:
…you do the bloods and say, '…we might need to boost your rubella or boost your chickenpox or something like that. There is this other test available… if you're interested you need to get it done before you get pregnant'… I guess you could add [carrier screening for FXS] in there. Ainsley, healthcare provider (general practitioner) Although some participants questioned how frequently women seek pregnancy-related medical advice before they become pregnant, this was perceived to be an appropriate time to introduce the notion of FXS carrier screening.
Primary healthcare was commonly suggested as a setting in which carrier screening could be offered so that it would be accessible to a large proportion of the population. Offering screening through general practitioners (GPs) (family physicians) was most frequently discussed: …look, the first port of call for every woman is her doctor… So I think it's got to start at the GPs, you know because this is where women are going. Alex, general population (offered screening)
In addition to general practice, family planning and women's health clinics were also mentioned, as it was suggested that women planning to have children may attend these clinics for prepregnancy information and advice. There were also suggestions about which healthcare providers might offer the test, such as GPs, obstetricians/gynecologists, midwives, genetic counselors, and nurses trained to provide pretest counseling.
There was general agreement that general practice clinics were a good location from where to offer screening, but there was limited support for GPs to actually offer the screening. Rather the discussion was more focused on who could work with GPs to provide the screening service:
…it's a general practice thing, but I really don't see general practitioners doing it. Cameron, health professional (obstetrician/ gynecologist) Participants suggested that the knowledge, time availability, and approach of the health professional offering screening may have the potential to limit accessibility of screening (see Table 4 ). Although not commonly raised, in some cases, this led to a suggestion that genetic counselors could play a role in the offer of such screening:
I think it should be introduced as an idea by a physician but it should be counseled by a genetic counselor… before they consider having the test… Sandra, health professional (obstetrician/gynecologist)
Managing results
Participants expressed the view that test-positive results should be given by a healthcare provider with the opportunity for a genetic counseling consultation at a clinical genetics service provided as part of the screening program as soon as practicable. As it was perceived that receiving a test-positive result may be surprising and confusing, prompt access to detailed information and support was considered essential:
…you need an explanation of what the result means… I couldn't imagine the doctor would be equipped… I imagine that in this case you'd be referred to someone for counseling or further advice. Jonathan, general population (general community)
Relatives of people with FXS contributed substantially to the discussion about managing test-positive results, often reflecting on their own experiences, and stressing the need for support and counseling. Parents of individuals with FXS frequently recalled wanting to know what FXS would Bmeanf or them and their family. Similarly, it was common for members of the general population who had been offered carrier screening to comment that, having never met a person with FXS before, if they were to receive a test-positive result they would want to know more about what it would be like to have a child with FXS. They suggested a genetic counselor might play an important role in supporting this process: …a genetic counselor would be a complete must… someone who you know can help them plan for having children… and can point them in the right directions and give them a guiding hand on how to deal with it and where to go for, you know, particular services or help they might need. James, general population (general community) Participants commented that discussing future options should be done in a balanced way providing reassurance and emphasizing the range of reproductive options available. The need to refer for management of FXPOI and FXTAS was also raised. Genetic health professionals discussed the need to assist with communication of this new genetic information to other relatives as well as having strategies in place to manage changes in knowledge about FMR1-associated disorders.
Discussion
Population carrier screening for FXS presents challenges due to the complexity of information to be conveyed, the fact that carrier status conveys both personal health and reproductive risks, and the lack of awareness of FXS in the general community and among health professionals. We have previously reported that stakeholders support population-based carrier screening for FXS, provided it is optional and offered in a way that promotes choice (Archibald et al. 2013) . The results of this component of this large qualitative study demonstrate a strong preference for preconception genetic carrier screening. Due to an emphasis on the importance of accessibility, primary healthcare was the preferred setting for which screening would be offered. However, the results highlight some possible barriers to general practitioners offering screening and suggest that further work is needed to develop models for screening program service delivery.
When developing any genetic screening program, there are clear guidelines to assist in the assessment of the acceptability and feasibility of a screening program (Teutsch et al. 2009 ). Many of the criteria outlined in screening guidelines were raised by health professionals in this study, particularly those with a medical background, perhaps reflecting content included in medical training. Cost and resources were of particular concern to medically trained health professionals (pediatricians, clinical geneticists, general practitioners, and obstetricians/gynecologists). With recent rapid advances in genetic testing technology and increasing availability of carrier screening panels, it is essential that funding is directed towards screening program development and service provision so that a comprehensive approach can be taken and health professionals offering screening feel well equipped to do so. Although funding for genetic carrier screening varies internationally, for tests in which the consumer bears the cost of the screening, genetic counseling resources should be factored into the screening fee so that genetic counseling support is accessible to those considering and undergoing screening as well as those who receive carrier results. While much research has shown that FXS carrier screening is feasible (Hill et al. 2010) , limited awareness of FXS and of the availability and implications of genetic screening was identified as a major issue which may impact the utilization of a screening program. This concern is not unique to FXS and is a potential barrier to the delivery of genetic carrier screening services. Clearly, effort needs to be directed to raising community awareness about genetic screening which will assist in increasing familiarity and improving knowledge prior to the offer of screening. This could begin in high schools through facilitated discussions about genetic carrier screening and the associated risks and benefits, creating a basic framework for contemplating screening (Frumkin and Zlotogora 2008; Poppelaars et al. 2003) .
A widely accessible screening program was strongly valued, with primary healthcare the preferred setting. Providing the opportunity for choice underpinned much of the discussion, and therefore, offering FXS carrier screening to adult women before they have children was perceived to be the optimal time to ensure women who receive carrier results have access to the widest range of reproductive options, particularly given the risk of FXPOI for FMR1 PM carriers. However, it must be acknowledged that women early in pregnancy should also be provided the opportunity to consider screening. These findings are supported by other fragile X screening research and indicate that models for service delivery should focus on preconception carrier screening in primary care (Acharya and Ross 2009; Skinner et al. 2003) . This approach is also emphasized in CF carrier screening research (Henneman et al. 2001 (Henneman et al. , 2002 Honnor et al. 2000; Tambor et al. 1994) .
Incorporating carrier screening into preconception consultations or raising it during general practice consultations with women of childbearing age, for example, in association with their regular Pap smear, has a number of benefits in that screening would be offered at arguably the most appropriate stage of life (ideally before having their first child), and it would be offered in a very relevant healthcare setting (Metcalfe 2012; Temel et al. 2015) . However, it should be noted that while the timing and setting of preconception consultations may be ideal for offering carrier screening, it is important that carrier screening is perceived as separate to other health interventions currently offered (such as contraception and Pap smears) so that the introduction of carrier screening does not impact on the uptake of those other interventions.
Research indicates that approaches in which the healthcare provider actively offers the test have the potential to be more effective than group educational sessions or passive approaches (Clayton et al. 1996; Henneman et al. 2003; Poppelaars et al. 2003; Tambor et al. 1994 ). However, concerns regarding the need for GP training and education, limited time and resources, and a potential selective approach to who is offered screening are significant. Furthermore, it was evident in this study that providing the opportunity to make an Binformed decision^was also seen as an important component of a screening program. While it might be evident that GPs could raise the option of screening and direct patients to information sources about screening, participants' perspectives illustrate hesitancy around GPs actually providing pretest information/counseling and offering the test to patients, both because of time constraints due to their workload as well as their lack of specific knowledge about genetic testing and the conditions being screened. While GPs are considered Bthe first port of call^with regard to healthcare making this an appropriate setting within which to raise FXS carrier screening, strong links to genetic services would be an essential component of any genetic screening program and genetic counselors could play an important role in the delivery of the screening program. This could be through roles including coordination of the program, providing education and training to staff at primary care clinics (including practice nurses), and the option of more in-depth discussion with patients who require additional support in making a decision about screening or with regard to carrier results. Alternatively, in healthcare systems in which not everyone has a defined GP, other primary care options may include preconception clinics and/or well-organized maternity health clinics, provided adequate training of healthcare staff occurs to ensure that appropriate counseling is available.
Regardless of the pretest counseling, information, and consent, it was clear that genetic counseling follow-up for carriers is viewed as an essential component of a FXS carrier screening program. Participants were unanimous in their views that individuals with test-positive results arising from FXS carrier screening should be provided with genetic counseling which is consistent with current recommendations (Finucane et al. 2012; McConkie-Rosell et al. 2007) . Research indicates that individuals identified as carriers through population screening may differ in their genetic counseling needs compared with individuals who have a personal or family history of FXS, as they may be relatively unprepared for a carrier result (Anido et al. 2005 (Anido et al. , 2007 and may have very limited knowledge and prior experience of FXS (Archibald et al. 2009 ). Thus, clear pathways for referral for carriers should be an integral component of any FXS screening program and genetics services should have protocols for coordinating the management of individuals identified through population screening programs and their families .
In contemplating how to progress with regard to carrier screening program delivery, it is increasingly likely that carrier screening for genetic conditions will be offered through panels of tests for multiple conditions rather than as programs offering screening for a single disorder. This would be more costeffective, but it will be essential that focus is directed to developing approaches for service delivery. In doing so, there is clearly a tension between making carrier screening as widely accessible as possible and ensuring informed decision-making is occurring.
Participants in our study discussed the importance of individuals making an informed decision about whether to undergo carrier screening for FXS; however, health professionals were more inclined to view this as difficult to achieve in any clinical setting due to constraints on time and resources faced by many health staff. As indicated by health professionals with a role in offering prenatal screening, there is substantial variability in the extent to which informed decisions are made regarding genetic/pregnancy screening presently available. The findings of a study by van Schendel et al. (2014) who investigated views of pregnant women and male partners towards non-invasive prenatal testing (NIPT) suggest there may be fewer barriers to uptake of this testing compared to invasive procedures such as amniocentesis or more indirect screening tests such as combined first trimester screening, as NIPT has less associated risks to the pregnancy than the former and provides a more accurate risk assessment for the pregnancy than the latter. The authors suggest that informed decisionmaking should remain paramount in screening programs that offer tests which are accurate, safe, able to be conducted early in pregnancy (where relevant), and can test for multiple disorders as people may feel there are few, if any, disadvantages to the testing (van Schendel et al. 2014) . This begs the questions-how can screening be offered to ensure those offered the test do not view the tests as simply Broutine,^and how can an informed decision become an achievable objective of a screening program rather than a theoretical ideal? These questions are relevant to all screening programs, whether the purpose is to offer genetic carrier testing, screening/testing of a pregnancy, or both, and has recently been discussed in the context of prenatal screening by de Jong and de Wert (2015) , who suggest that to inform this debate, more research is needed into what screening tests pregnant women want to be offered (de Jong and de Wert 2015) .
It is generally agreed that people offered carrier screening will vary as to the amount of information and pretest counseling they require to make a decision that they are comfortable with (Ames et al. 2015) . Recently, the American College of Medical Genetics (ACMG) acknowledged a more generic consent process may be needed in the context of expanded carrier screening (Grody et al. 2013) . To allay concerns that this may not provide sufficient information for all individuals, multiple methods of information delivery (i.e., information brochures, decision aids, smart phone applications, websites, and the opportunity to speak to a genetic counselor by telephone) could be used so that additional information and support is available to those who require it (Birch 2015; McWalter et al. 2015) . Research has shown that as more conditions are added to screening programs, condition-specific knowledge decreases (Ioannou et al. 2014) . Therefore, information delivery may need to focus on the common aspects of the genetic conditions (Edwards et al. 2015) and screening tests, and ensure that people comprehend the general implications of a carrier result rather than retaining detailed and conditionspecific information about genetics and inheritance. However, it is important to note that FXS adds a layer of complexity due to the health implications for carriers (Archibald et al. 2013) . Further research will be essential in clarifying the level of information needed to make an adequate decision with regard to a genetic carrier screening panel and to determine how information about the implications of FXS carrier status is incorporated into this.
As discussed in Archibald et al. (2013) , as this was a qualitative study, the findings are not generalizable as the purpose was not to quantify stakeholders' perspectives but rather to explore the range of views regarding how a FXS carrier screening program might be developed and delivered; nevertheless, this is a relatively large sample from a wide range of stakeholders. We have previously detailed the limitations of the study in terms of the possible selection bias of participants (Archibald et al. 2013) . We also note that the findings reflect an Australian healthcare system, which consists of both public and private sectors, and may not be applicable to systems in other countries that are purely public or private, although it is likely that some of the findings would have overlapping relevance. Furthermore, the focus of this study was on exploring Table 5 Suggestions for FXS carrier screening program development and implementation based on findings of this study
• Increasing awareness and familiarity with genetic carrier screening through incorporation of discussion of genetic testing and screening into secondary school education • Incorporation of option of FXS carrier screening into preconception or general GP/family physician consultations and raising awareness of the benefits of GP preconception consultations • Development of a variety of information resources to which the healthcare provider raising the option of screening can direct the patient rather than providing an in-depth discussion at the time • Implementation of a screening program that includes standard protocols for sample collection and reporting of results, coordinated by a genetic counselor working in conjunction with primary care setting staff, including nurses and GPs • Provision of genetic counseling for all individuals identified as carriers
• Further research into how FXS carrier screening can be best incorporated into expanded carrier screening panels and the amount and type of information/discussion people want in order to make a decision about carrier screening views on carrier screening for FXS and, at the time of the research, expanded carrier screening programs were not available. This possible scenario, although raised by some participants, was not specifically presented to participants for discussion. Further research will be essential in exploring the feasibility and acceptability of various models of delivering population-based genetic carrier screening for FXS, either as a stand-alone test or offered as part of a panel of genetic conditions. In summary, the message communicated by participants in this study is that women without a family history of FXS should be offered the option of FXS carrier screening (Archibald et al. 2013) , provided that it is offered in an accessible way, ideally in primary healthcare settings, that choice is promoted by assisting decision-making about whether to undergo screening at an appropriate stage of their life, and that genetic counseling is provided for those who receive carrier results (see Table 5 ). As carrier screening for many genetic conditions is available in a single test (Bell et al. 2011) and is now accessible direct-to-consumer, it is imperative that consideration is directed to how population-based carrier screening is best delivered (Edwards et al. 2015) . As genetics is becoming a more integral component of personal health care, there is clearly a need for an integrated approach to the provision of genetic services that includes carrier screening for the general population. Evidence from research conducted to date provides a strong basis to argue that it is time to trial local screening program(s) incorporating the points outlined in Table 5 . Findings from such trial(s) will inform decisionmaking about how best to implement statewide or national genetic carrier screening programs.
